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FINAL  PROGRESS  REPORT 


Office  of  Naval  Research  Contract  No.  N00014-76-C-0681 
Contractor:  The  Regents  of  the  University  of  California 
Principal  Investigator:  Dr.  Sharon  Sickel 


Period  April  1,  1976  to  March  30,  1977 


WORK  ACCOMPLISHED 

Formal  Grammars.  The  Clause  Interconnectivity  Graph  search  has 
been  formalized  in  terms  of  formal  grammars , and  results  from 
automata  theory  have  been  brought  to  bear  on  it.  Proofs  are 
automatically  describable  by  formal  grammars.  In  many  cases, 
these  formal  languages  have  closed  form  representations,  thereby 
providing  finite  descriptions  of  potentially  infinite  sets  of 
proofs.  An  informal  coverage  [1]  of  this  work  was  presented  at 
the  Canadian  CSCSI/SCEIO  Summer  Conference,  held  in  Vancouver, 

B.C.,  August,  1976,  and  was  published  in  the  proceedings  of  that 
meeting.  The  formal  version  of  this  work  [3 "]  is  to  be  presented 
and  published  at  the  Fifth  International  Joint  Conference  on 
Artificial  Intelligence  (IJCAI)  to  be  held  at  MIT  in  August,  1977. 

Programming  Methodology.  A logic-based  programming  methodology 
was  developed  in  collaboration  with  Keith  Clark  of  Imperial  College 
in  London.  A philosophy  consistent  with  the  reliable  software 
and  structured  programming  of  Dijkstra  and  Hoare  was  used  to 
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suggest  a method  of  program  design  and  construction.  The  method 
allows  programs  to  be  specified  in  a first-order  logic  and  then 
by  several  stages  formally  transformed  into  a conventional  program. 
The  original  specification  is  concise  and  intuitive  and  deals  with 
abstract  data- type  definitions,  thereby  allowing  full  data- type 
definition  facilities  and  avoiding  the  combination  of  high-level 
design  with  low-level  implementation  issues.  This  work  will  be 
presented  and  an  extended  abstract  published  at  IJCAI  in  August. 
Some  related  work  F4]  is  presented  in  a local  technical  report. 

Applications.  A paper  T5l  will  be  presented  at  the  Workshop  on 
Automatic  Deduction,  MIT,  August  1977  that  discusses  applications 
of  the  above  work. 

Equality  Theorem  Proving.  Mike  Fay,  a graduate  student  in  Infor- 
mation Sciences,  has  been  working  on  the  problem  of  handling  the 
equality  predicate  in  theorem  proving.  He  has  devised  a method 
of  keeping  an  equality  information  base  that  can  be  updated  and 
queried  by  a theorem  proving  system.  He  is  incorporating  the 
work  of  Lankford,  Knuth  and  Bendix,  and  Platkin  and  is  interfacing 
his  system  to  the  Clause  Interconnectivity  Graph  method  that  is 
based  on  compatible  uses  of  variables.  This  work  is  being  written 
up  as  a master's  thesis  and  should  be  completed  summer  of  '77. 

It  will  be  distributed  to  ONR  at  that  time. 

Proving  Unsatisfiability  of  Horn  Sets.  Work  was  completed  in 
formalizing  the  restricted  case  of  using  clause  interconnectivity 


graphs  on  sets  of  Horn  clauses  [6l.  The  class  of  Horn  clause 
sets  constitute  a useful  subclass  of  problems.  Many  problems  are 
naturally  expressed  as  Horn  sets,  and  all  problems  can  be 
rephrased  as  a Horn  set,  although  not  always  conveniently.  Some 
researchers,  e.g.,  Kowalski,  contend  that  all  natural  and  intui- 
tively expressed  problems  are  Horn  sets.  Previous  work  has  shown 
that  unsatisfiable  Horn  sets  may  be  proved  unsatisfiable  in  poly- 
nomial time,  i.e.,  the  time  required  can  be  described  as  a poly- 
nomial function  of  the  length  of  the  input.  Using  the  clause 
interconnectivity  graph  representation,  we  have  reproved  that 
complexity  result  in  a very  simple  manner. 

Sabbatical.  The  principal  investigator  spent  four  months,  beginning 
in  late  August,  on  sabbatical.  A sabbatical  report  is  attached. 
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SABBATICAL  RI.PCKT 


Sharon  Sickel 
Informat i.on  Sciences 
Crown  College 
January  10,  1976 

This  sabbatical  taken  fall  quarter,  1976,  has  been  busy  and  fruitful. 

An  itinerary  is  attached. 

IXiring  the  two-month  stay  at  Imperial  College,  I had  extensive  discussions 
with  Robert  Kowalski  and  Keith  Clark,  co-principal  investigators  on  Science 
Research  Council  sponsored  research  in  logic.  The  main  goal  of  the  visit 
was  to  gain  insight  in  collaborating  with  Kowalski.  However,  Clark  and  1 
were  able  to  complete  some  interesting  research  and  we  wrote  a paper  summariz- 
ing those  results.  That  paper  is  being  submitted  for  the  IFIP  Congress  77,  an 
international  conference  on  compurer  science.  In  addition  to  that  work,  I 
have  done  the  basic  research  needed  for  another  paper  that  I will  write  up 
after  r.iv  return.  The  Imperial  visit  was  especially  stimulating  because  of 
Kowalski's  constant  stream  of  visitors. 

My  visit  at  Carnegie-Mellon  will  be  spent  mainly  discussing  theorem 
proving  with  Peter  Andrews  and  writing  up  the  formal  description  of  the 
linguistic  approach  presented  at  the  CSCSI/SCF10  conference. 

The  two  major  visits  along  with  several  short  visits  and  the  conference 
have  given  me  the  opportunity  to  talk  with  many  interesting  researchers  in 
my  field. 


8/25-27 


University  of  British 
Columbia,  Vancouver,  B.C. 


CSCSI/SCEIO  Conference 


wrote  the  report  on  the  above 
conference  for  the  AISB  News- 
letter (British  counterpart  to 
the  Sigart  Newsletter) 


8/29-11/1 

Imperial  College  of  Science 
and  Technology,  London,  England 

visit  with  logic  research  group 
including  extensive  collabora- 
tion with  Robert  Kowalski  and 
Keith  Clerk 

10/6 

II 

presented  Computing  and  Control 
seminar 

10/18 

University  oi'  Newcastle  Upon 

Tyne,  Newcastle,  England 

visited  Computer  Science  Dept, 
and  talked  mostly  to  Brian 
Randall's  software  reliability 
group  (minus  Brian,  who  is  on 
sabbatical  in  Toronto) 

10/19-20 

University  o'  Edinburgh 

Edinburgh,  Scotland 

i wo-day  visit  to  the  Dept,  of 
Artifical  Intelligence,  includ- 
ing brief  collaborations  with 
John  Reynolds,  Rod  Bursts  11, 
Alan  Bundy,  and  Bernard  Meltzer 

10/20 

If 

Artifical  Intelligence  seminar 
given 

10/25 

University  of  Essex 

Colchester,  England 

visit  to  Computer  Science  Dept. 
Pat  Hayes  in  particular 

11/1-12/1 

Carnegie-Mellon  University 
Pittsburg,  Pa 

collaborated  with  Peter  Andrew 
of  Dept,  oi  Mathematics  and  wiM 
some  members  of  the  Computer 
Science  Dept. 

11/9 

II 

presented  Computer  Science  Dept 
Artificial  Intelligence  seminar 

11/8 

• H 

presented  Math  IXpt.  graduate 
theorem  proving  seminar 

11/15 

II 

II 

12/1-12/3 

Syracuse  University 

visit  to  collaborate  with  AL.r 
Robinson 

12/4-11 

visited  University  of  Toronto, 
Computer  Systems  Research  Group 

12/17 

Arj;onne  Labs 

visit  to  collaborate  with  Larrs 
Was  and  Larry  Henschen 
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